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-:     Preface    :- 

Part   I. 

The  olDject    of  this  part   is   to    detei*mine 
the  most   efficient  working  temperature,    and  current 
density,    and  all  other   experimental   data  connected 
with  the  process. 

Part   II. 
This   chapter  deals  with  a  description  of 
of  the  proposed  plant,   giving  an   idea  of  the  pro- 
cess,  the  cost   of  operation,    and  the   anticipated 
profit3. 
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Part  I. 

The  object  of  this  part  is  to  determine 
the  most  efficient  working;  temperature,  and  current 
density,  and  all  other  experimental  data  connected 
with  the  process. 


Electrolytic   Depsaition  of  Copper 
frojTi  Matte. 

The  object   of   this  work   is   to    secure  an 
econtoical  method  :**or  the   separation  of  copper  from 
a  matte  which  is  ohtained  "by  the  Great  Western 
Smelting  Compsmy,      This  company   is  located  at  West 
Kinzie   and  Halsted  Streets  and  melts  jiink  containing 
lead,    copper,    zinc,    tin,    etc   and  either   separates 
these  metals  or  obtains  an  alloy   of   them.     When  the 
metal  has  been  heated  until   in  a  molten  condition 
it   is  poured   into  moulds  and  this  matte   rises  to   the 
top  of  the  mould   ajid  when  cooled   is   taken  to   a   small 
reverberatory  furnace.      The  lead   is  here    sweated  out 
until   as  much   is   removed   as  can  be   economically  done. 

The   expeririental  work  was   carried  on  \r;ith 
this  matte   to   find   the  best   conditions  for  the   electro- 
lytic  refining  of  the   copper  present.      The   different 
factors  which   influenced  the   rate  of   deposit   and  cost 
are    strength  of   electrolyte,   temperature   of  the   electro- 
lyte ,   current   density,    and  voltage;    and  the   work  will 
be  divided  under  these  headings. 
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Preparation  of  the  Metal. 

The   acco^anyins  photograph   shows   a  croas- 
sectional  view  of  the  matte   as   it    is  ohtained   after 
the   lead  has  been   sweated  out.      The  line  AE   shows 
distinctly  the   division  of  the  rich  rratte   from  the 
matte  thqt   contains  very  little   copper  and    is  mostly 
lead.      The  matte  was  prepared  for   experi:;iental   worlc 
"by  melting  in   a  crucible   in   a  muffle  furnace   and 
casting   into   thin  noulds  averaging  ahout  1/4"   to   3/8" 
in  thickness.      The  photograph  which   is  full    size, 

shows  a  type   of  the  plates  that   were  used   in   all   the 
experimental   work.     Before  any   electrolytic   work  was 
done   an  analysis  of  the  matte   after  casting   into 
plates  was  made   and  gave   the   follovving  analysis; 
Cu   -   49. ?9^ 

Pb  -  19.: 

Zn  -      S.i 
Sn  -   15.20;^ 
Sh   -      1.50f 
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Determination  of  the  Most  Efficient   Temperature 
and  Current   Density. 

This  ?'orlc  was   carried  on  with  two   pure 
copper  plates   as  cathodes  and  a  plate  of  the   inatte 
a3  the   anode.      The   strengths  of  the   electrolyte  used 
were   one  of  \6%  CxiSO^.STi^  and  9<  H2SO4,   this  "being 
the   stre'^sth  of  the  comrrercial    solution  used   in 
multiple   system  refineries  and   the   other   solution 
consisted  of  16^  CuS04*5H20   and   6%  H2SO4,    this  being 
the   strength  of  the   co:riviercial    solution  use  I   in 
series  refineries.      Rectangular  glass  jars  were  used, 
having  a  capacity  of   aoout   350   cc.      "^ery  little  work 
was   done  using  the  latter   solution   as   it  v/as  found 
that   the   solution  of   9fo  HpSO^  gave   the   best   results 
in  the   amount   of  copper  deposited  in   a  unit   of   time. 

Before   starting  each  run  the   cathodes  were 
carefully  cleansed  hy  dipping  in   a   solution  of  nitric  acio 
after  which  they  were  wasned  in  distilled  water, 
rinsed  with  alcohol   and  dried  over   a  Eunsen  flame. 
After  this  preparation  they  were  carefully  weighed 
and  the   anode   or  matte  plate  was   also   weighed. 
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The  mo3t  efficient  temperature  and  cur- 
rent density  we  r-e  detennined  "by  a  series  of  runs 
starting  v/ith  a  temperature  of  40*r  and  increasing 
in  increments  of  10*  until  a  temperature  of  80*C 
was  reached. 

The  current  density  used  varied  from  one 
ampere  per  square  deciireter  "by  increr.ents  of  one 
half  ampere  until  a  current  density  of  four  amperes 
per  square  decimeter  was  reached. 

The  accompanying  photograph  shows  to  some 
extent  the  effect  of  temperature  on  the  evenness  of 
deposition  of  the  copper.   These  plates  show  the 
deposit  for  50* ,  60* ,  70* ,  and  80°C  with  a  current 
density  of  3+  amperes  per  square  decimeter.  Plate 
'A'  was  run  at  a  temperature  of  50*C  and  shows  a 
coherent  deposit  though  it  is  somev/hat  rough,   r'late 
'C'  was  run  at  eo^C  and  shows  a  fairly  good  deposit- 
ion although  it  is  not  a  smooth  deposit.   Plate  'B' 
was  run  at  70°C  and  shows  a  good  coherent  deposit 
very  fine  in  ^rain  as  is  the  "best  of  all  the  runs. 
Plate  'D'  shows  the  deposit  at  SC'C  which  may  he  seen 
to  he  uneven  in  deposition  with  the  formation  of  trees. 
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Calculation  o-*"  I^fficiency   of   Current. 

Theoretically  one  a/npere  current   deposits 
.0003294   grains  of   copper  per   seconi..      Then  the   theo- 
retical  deposit    is   equal   to    .0003294   x   5  x  3600   as 
the   length  of  the  run  was  five  hours.      Then  the   theo- 
retical  deposit    is  equal   to   5.929    grans  of   copper. 
The   actual    deposit  for  this  run  was  3.4421   grans 
which  gives  as  efficiency   of  58^. 

Runs   at  4C°C. 

■Amp/sq.d:m.  Actual   dep .  Iheor.    dep .  ^ff. 

1.0  -    -    -    -      3.4421 5.9292  -   -    -  53.0 

1.5   - 5.5920 -      8.8938 64.0 

2.0   -   -    -    -      8.1937-    -    -    -  11.3584  -    -    -  69.0 

2.5   -    -    -    -   10.94G3 -    -  14.3230  -    -    -  74.0 

3.0  -  -  13.3102 -  -  17.7876  -  -  -  75.0 

S.5 16.1304-  -  -  -  20.7522 78.0 

4.0  -  -  18.0327-  -  -  -  23.7163  -  76.0 
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Runs   at    50"C. 

Amp/sq.cLn.        Actual    iep.  Theor.    Aep.  ^ff. 

1.0    -    -      S.3664    -    -    -    -   5.9292  -    -    -  57.0 

1.5    -    -    -    -      5.7816   -    -   8.8938  -  65.0 

2.0 8.2459 -11.8584  -    -    -  69.5 

2.5   -    -    -   -   10.8816   - 14.8230 73.4 

3.0   -    -    -    -    13.6101   -    -    -    -17.7876  75.3 

3.5    -    -   16.8006    -   -    -    -20.7522  -    81.0 

4.0   -    -    -    -   19.4107 -23.7168 81.6 


Runs   at   60*C. 

1.0    -    -    3.5102   -    -    -    -    5.9292  -  61.0 

1.5   -    -   -    -      6.0714    -    -    -    -    8.8938  -   -    -67.0 

2.0 -      8.3564 -11.8584 70.2 

2.5   -    -    -    -   11.1987 14.3230  -   -    -  75.6 

3.0  -  -  -  -  13.9162  -  -  -  -17.7876  -  -  -  78.2 

3.5  -  -  -  -  17.0137  -  -  -  -20.7522  82.3 

4.0  -  -  -  -  19.5021  -  -  -  -23.7163  -  -  -  81.9 
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Runs   at   70*C. 
Amp/sq.dm,  Actual  Dep.  Theor.Dep.  ^ff. 

1.0    -      3.7916    -    -   -    -      5.9292   -    -    -   -    64.0 

1.5   -    -    -    -      6.0714    -    -   -    -      8.8933    -    68.2 

2.0    -   -    -    -      8.6541   -    11.3584    -    -    -   -    72.1 

2.5   -    -    11.3673  -    -  14,8230   -   -    76.8 

S.O 14.1631 17.7875   -   -    -    -    79.7 

S.5 -   18.0616   -    -    -    -   20.7522 87.2 

4.0   -    -    -   -   20.3413    -    -    -    -   23.7168   -    -    -    -   85.6 


Runs   at   80*C. 

1.0 3.7437 -      5.9292 -    63.0 

1.5   -    -    -    -      6.0020   -      8.8938   -   -    -   -   67.4 

2.0   -    -    -    -      8.7101    -    -    -    -    11.8584    73.2 

2.5   -    -    -    -    11.3106    -    -   14.8230   -    -    76.4 

3.0   -    -    -    -   14.0879   -    17.7876    -    -   79.1 

3.5   18.0372   -    -   -    -   20.7522    -    -    -    -   87.0 

4.0   -    -    -    -    20.5310   -   -    -   -    23,7153   -    -   86.2 
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To  apply  the  results  to  the  commercial 
problem  of  copper  refining,  curves  were  dravrn  show- 
ing the  relation  'between  the  amperes  per  square  deci- 
meter and  the  curreit  efficiency  for  each  temperature 
of  tne  electrolyte.   From  these  curves  it  may  be 
seen  that  the  curfeit  efficiency''  is  highest  for  an 
amperage  of  ?.5  amperes  per  square  decimeter  and  a 
temperature  of  70*0  for  the  electrolyte.   The  cur- 
rent efficiency  is  high  as  obtained  experinentally 
on  a  small  scale  and  will  undoubtedly  be  less  in 
real  practica,  reaching  in  some  cases  as  low  as  65^ 
for  these  values  of  current  euid  temperature.   This 
loss  of  energy  is  due  to  bad  metal  contacts  ajid 
short-circuiting  and  partly  to  the  use  of  voltages 
much  in  excess  to  those  actually  required  to  over- 
come the  resistance  of  the  solution. 

With  a  current  density  of  ?.5  amperes  per 
square  decim.eter  no  extra  power  will  be  required  to 
heat  the  electrolyte,  for  when   operating  at  this 
current  density  the  current  alone  is  sufficient  to 
heat  the  electrolyte  to  70*C . 
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Determination  of   tlie   Voltage. 

With  a  constant  value  of   current    it  may 
be    seen    from  Ohm's  law,   R  =  E/I,    that    the   aidition 
of  m.rre  resistance  will  necessitate   a  hi'Jiher  volt- 
age,    llovj  the   operating  voltage  will    depeni  upon 
the   numlDer  of  tanks   in   series  and  the   distance 
between  the   electrodes.      This  value   of   voltage   cannot 
"be   definitely  determined  until   commercial   conditions 
are  met   with  hut    is  taken  -from  determinations  made 
in  practice  by  Prof.   T.    D.   Bancroft   of  Cornell  Uni- 
versity under  similar  conditions.      This  value   is 
talcen  as  fifteen  volts   and   is   a  conservative  value 
for  the  voltage   in  a  multiple    system  of  tanks   . 

In    summing  up    the   results   obtained  from 
the   different   runs,    that    in  order  to   operate  a  plant 
most    economically  we  find  that   copper    should  be  re- 
fined electrolytically   under  the   following  conditions 
of  S,5  amperes  per    square   deci;':'ieter    and  70*C   temp- 
erature  of  electrolyte. 
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Purity   of  Copper  Deposited. 

Samples  of   copper  were   taken  fron'.   deposits 
of   se-veral  plates    and   analyses  made   for  the   purity 
of  the   copper  obtained.      An  analysis  was  made  of  the 
deposit  upon   each  plate   for   an   amperage   of   3.5  per 
square   decimeter  and  ga^e  the   following  analyses: 

40*'C   -----   <  Cu     99.20 

50*C    -----   7;^  Cu      99.33 

60°C    -----?!'  Cu      99.36 

70«C '    i  C^x      9  9.71 

8C°C ^  Cu      99.53 

Five   rxins  were  made  with  a  current   den- 
sity of  3.5   amperes  per  square   decimeter   and  a 
temperature   of   70*C   and  the   deposit    removed  from 
the  plates   and  mixed   thorou^ly  and   an  analysis 
made  for  copper.      This  analysis   gave   a  purity 
of   99.68  ^u. 
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Analysis  and  Treatment  of  Sludge. 

The  sludge  produced  in  the  electrolytic 
refining  of  copper  settled  to  the  'boti.om  of  the 
glass  jar.   When  the  run  was  completed  the  electro- 
lyte was  drawn  off  and  the  remaining  sludge  washed 
to  re-^ove  the  CUSO4  present  and  then  dried.   The 
sludge  from  several  runs  was  taken  and  ground  and 
mixed  thoroughly  to  he  taken  for  an  average  analysis, 
This  ajaalysis  is  as  follows; 
Ph  -  5C.12X 
Sn  -  16.00,f 
Zn  -  21.84?^ 

cu  -    i.srf 

Sh   -      7.26€ 
The  commercial   treatment   of  this   sludge 
is   discussed   in  another  chapter  of  this  work. 
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Part    II. 
This   chapter   deals   with  a  description  of 
the  proposed  plant,    giving  an  idea  of  the  process, 
the   cost   of  operation,    axid  the   anticipated  profits. 


Capitalization. 

To   treat   10  tons   of  r.atte  per  week  will 
require   a  plant   with  a  capital   investment   of   atout 
;lf50,00C.0C;   this  will   include   the  entire  first   cost 9, 
as  land,   construction  of  buildings,    all   necessarif 
equipment   and  a  four  weeks    supply  of  working  material. 

The  plant    is  designed  to   treat   the  matte 
for   copper  "by  the   electrolytic   process  and  the 
melting  of  the  refined  copper  and   the  lead   sludge 
into   bar  forr:    suitable  for  the  market. 

The  following  is  an  estimate  of  the 

required  capital; 

Land   ---------|  7500.00 

Buildins^ -    -    _  15000.00 

Tanks-   --------  1000.00 

Furnaces   -------  2000.00 

Motor  Generator-   -   -   -  1000.00 

1  Overhead  Crane  -  -  -  750.00 
Copper  Conductors-   -   -  800,00 

2  Air  Compressors-  -  -  150.00 
One  Month  Stock  -  -  -  2400.00 
Material  in  Process-  -  100.00 
Cost    of  Installation   -  500.00 

Sinlcinc;  Fund -   -  5000.00 

Incidentals _   _   -   -  13800.00 

Total   jf  50000.00 
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Anodes  aiid  Cathodes. 

The    design   of  the  anodes   and   cathodes  to 
he  used  is   shown   in  drawing  No.l.      This   drawins-  also 
shov/s  the  method   of  contact    of  the   electrodes   to   the 
copper  hars  carrying  the  current. 

The  anodes  are  made  by  melting  the  matte 
in   a  reverhatory  furnace  and  pouring  into   cast    iron 
moulds.      The   cathodes  are  made   of    sheet   copper   and 
hang  suspended  from   a  twisted  copper  loar. 

The  cathodes  "before  they  are  reaiiy  for 
service  m.ust   he   cleaned  hy   dipping   into   a   dilute 
solution  of   sulphuric   acid;    when  the  dirt    and   the 
grease  have  heen  ren^oved  they  are  passed   into    a 
washing  tank  which   contains  circulating  water; 
they   are  now  allowed  to    dry   and   then  coated  with 
paraffin  by   dipping   into   a  tank   of   paraffin.      This 
affords   a  means   of    stripping  the    deposited  copper 
from   the  cathode   and   saves   the   expense   of  m.akinp;  up 
nev  ones.      All   of   the  above   tanks    should  be  located 
in  the  furnace  rooa  and  be   of   sufficient   capacity 
to    treat    six  cathodes   at   one  operation.      All   tanks 
should  be   constructed  of   v.'ood  and   the  acid   tanks 
lined  with  lead. 
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After  the  acid   sulution  has  TDecoiue  too 
weak  for  further  use  the   dissolved  copper  from  the 
c3.thodes  may  be    recovered  by   adding  scrap    iron, 
metallic   copper  is  throvm  out   of   the  solution,    the 
supernatant   liquid  decanted  and  the   copper  added 
to   that   received  frorri  the   depositing  tanks. 

The   cathodes  are   to   be    tran ported  from 
the   furnace   room  to   the  tank  room  by  meaiis   of  hand 
cars  running  on    a  20"   gauge  track.      A  15-ton   over- 
head crane   operating  the   entire  length  of  the  tank 
rooiTi  will  pick  them,  up   from   the   car  arid  locate 
them  in  their  proper  position   in  the   tank. 
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Description  of   Tanks. 

The   construction  of  the  tanVs   and  their 
specifications   are    shovm   in   drav/ing  No. 2.      If   a 
current   density  of  lb   ar:^peres  per   square  foot   of 
anode    surface   is  ust-d,   the   time   required  for   a  com- 
plete  run  will  he  166  hours   or   approximately   one 
v.'eek.      Then   it   will   require   9   tanks   in   service   in 
order  to   treat   10   tons  of  matte  per  week.      Twenty- 
four  tanks   should  be   installed,    the   extra   ones  "being 
allowed  for  use   in  case   of   aa   over-run  or   while 
repair  work   is  "being   done. 

The   arrange'nent   of  the   tarJo   and   their 
piping  is    shovm   on   drawing  Ho.S.      The   electrolyte 
is   circulated  at   the   rate  of   64    cubic   feet   per   hoiir 
hy  iheans  of  a  4  horse-power  Westinghouse  Air     Com- 
pressor pump.      The    electrolyte--   enters   the  bottom  of 
the  tank   at   one    end  and  leaves  the  top   at    the   op- 
posite  end  thus  insuring  a   steady  and   complete   cir- 
culation.       The   electrolyte   after  passing  through 
a    series  o:^-^   three    single   tanks   returns  by   gravity 
to   the  puinp  where   it    is   again   sent    into  circulation. 
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The   life  of  the   electrolyte  v/ill   vary   with 
conditions,    depending  upon  the   chemical   composition 
of   the  matte  and  the   temperati-ire   at    which  the  oper- 
ations  are   carried  on.     Proha'cly  the  electrolyte 
will  he   efficient   during  one   complete   run,    at   the 
end   of   i".hich   it   will   he  discarded.      No  provisions 
are  male  for  purifying  or  refining  the   electrolyte 
as  the  cost   would   exceed  that   of  making  up    a  fresh 
solution  for   a  plant    of    such   sm.all    capacity. 

The  follo7/ing  calculations  were  made   in 
determining  the  num:her  of  tanks   required  and  the 
length  of  time   for   a  complete   run. 

Dimensions   of   anodes      5/8"  x  24"  x  36" 

Dimensions   of   cathodes   1/16**  x   20"  x  36" 

Fumher  of   anodes  to   tanK-  -  40 

■Number  of   cathodes   to   tank   4  2 

Electrodes    spaced  1"   apart. 
Assume  95%'  of   the  anode   surface  to   he   in  the   electro- 
lyte.     Assum^e    specific   gravity  of  matte   to   he    8.0 
Weight   of  matte  per   tanV 

'    (5/8  X   24  X  36)0.95  x  40   x   §2«.^-2-§ 
=    5930  #. 
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Capacity  of  plant    -   10  tens   -   20,CC0#. 

No   Tanics  »  SQQSQ   a  3.46   dou"ble   tanks. 
5950 

Anode   surface,    not    including   ends, 

3    (24-2-SS)2  X    .95   X   40  *    556    so. ft. 
144 

Using  15  arnperes  per    square  foot   of   anode, 
556  X  15   -    6840   ampere  hours. 

1  angjere  hour   deposits  1.1862  gnis  copper. 

6840  X  1.1862  =   8112  gras   copper  par-  hour. 

Q112  a  17.9C#  coppsr  per  hour. 
453 

__522Q —    3  16  6  hours  per  tank  for   a  run. 
17.9  X  2 

the  above  figure   is   hased   on  the   assumption  that 

the  ir.atte   is   50'^  copper 

±2§  =   6.91   days   or   one   week. 
24 
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Power. 

The   required  power   of    2.5   "tcilowatts   i  3  to 
"be   furnished  by   a  Western  Electric  r^ot  or- P"ene  rat  or 
set.      The  current    supplied  to   the  motor   is  to   "be 
"bought    from  the   Commonweal th-l'di son  Company.      The 
motor   i3   driven  'by   alternating  current    and  the   gen- 
ers.tor  delivers   direct   current. 

A  wirin,^;   diagram  of   the  tanks   is   shown   in 
drawini^-  "Nro.4.      The   electrodes   are  connected   in  multiple 
and  the  tank's  are  connected  in   series,  practice 
having  foun^^  this  arrangement   to   he   efficient    as 
veil    as   economical.      The   tanks  are   wired   so    that   any 
comhination  of   a   series  of  three    single   tan2<3  ma-y 
he   thrown  into    service ,. thus   the    series  1,    2,    3, 
may  he    in  use  or  1,    2,   3, and  lb,    20,    21,    or  any 
other   sir.iliar  co^-'bination. 
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Building. 

A   suitable  building  for   the   carrying  on 
of  the  wor\-  of    such   a  plant   v/ouli   require   about 
8750   square  feet   of  floor   space. 

The  buildinc?  would   be   divided  at   the  mid- 
dle by   a  brick   wall  partition,    the   front  part  being 
divided   into   an  office   room,    laboratory,    power  rooni, 
and  tank  roor:\      The   tank   room   should  have   a  concrete 
floor  fitted  with  drains,    and   should  be  provided 
with   good  light   and  ventilation.      Tlie  back  part   of 
the  building   or  :^urnace  roorr.  will   need  no   floor 
other  than  a  firm    dirt   or  cinder.      The  furnace  room 
will   contain  two  reverbatory  furnaces,   one  melting 
pot,    one  acid  tank,    one  rashing  tank,    and  a  paraffin 
t  ank . 

The  two    reverbatory  furnaces  will  be   con- 
structed  of  fire  brick  and   designed  to    satisfy  con- 
ditions.     Each   should  have   a  capacity    of   at  least    t^^o 
tons.      One  furnace    is   to   be   used   in  meltinp;  up   the 
m.atte    so    that   it   can  be   cast    into    anode   plates  while 
the   other  furnace   is  to  be  used   in  melting  up   the 

(20) 


stripped  copper  from   the  cathoies    so   that    it   rray  "be 
poured    into  bar  ■''orm.      A  tv.'O    ton  meltinf!;  pot   will  be 
sufficient    for   treating  the    sluige  which    is  to    he 
poured  into  bars   and   sold.      The  three  tan"k3   required 
in  preparing  the  cathodes   should  be   located  near   the 
furnaces  to    save  unnece33ar:y-  handling  of  the   elec- 
trodes.     The  remaining  part  of  the  furnace  roostn   is 
used   for   storing  the   rav/  material   and   the  finished 
product. 
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operating  Costs   and  Anticipated  Profits. 

The  following;   data   on  operatin,^^  costs   and 
anticipated  profits   is  "based  on   one   ton  of  matte, 
assuming  the  copper   to    run   bQ%,    this    is  prohably   t!ie 
Tnaximum  percentage,    t^e    avera£:e  'being  35,^.      The 
annual   receipts   and  expenditures   are  "based  upon  a 
working  year   of   fifty  wee>s. 

The  i!iar>et   price   o-^   electrolyticall;/    de- 
posited  copper  was   talcen   at   se-renteen  cents  per 
pound   or  i:340.00  per   ton.      The    sludge   n^ich   is  of 
the  nature   of   a  hard  lead  composed  of   lead   sulphate, 
zinc,    tin,    and   antiinon.7    is   valued  at   4.6   cents  per 
pound   or  ^^9  2.00  per  ton.      Only  10%  of   the   sludge  has 
been  allowed  for   as   being  recovered. 

The   cost    o-^  the  maT:te   is  $.cr   per  pound 
or   .*6C.C0  per  ton. 
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Calculations   for  the  Costs   of  Heats: - 

The  Ostwald  calorie    is   used  ir^    all    of   the 
following  calculations.      One   Ostwald  calorie    is   equal 
to   100    sr?-all    calories. 

The  following?;  calaulations   are   hased  upon 
two   tons   of   T.atte. 

Calories   requii-ed  to  melt   the  copper; 

2   tons   of   ir,atte   »   4000,^ 

49.39/  Cu  present    in  the  matte. 

4000   X    .49S9   -  197 5.V   Cu. 

1975  X  452.6   =   895,860   grns  Cu. 
To   melt  one  grsi27i  of  copper  requires  162  calorie-5, 

895,860  X  162  »  145,129,320   calories   re- 
quired to   melt   the   copper  in  tv/o   tons   of  matte. 

Calories   required  to  ^nelt   the  lead; 
19^  lead  present    in  the  matte. 
4000  X    .19    =   760^'  Ph. 
760  X  45?. 6   3  345,040   grams  of  Ph. 
■^0   melt   one   grair.  of  lea:I  requires  15.6   calories, 
345,040  X  15.6   ="  5,382,724  calories. 
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Calories   required  to  melt  the  tin; 
15^  Sn  present    in   the  rnatte. 
4000  X    .15    -   6G0#    Sn. 
600   X  453.6   -   272,400    gms  Sn. 
To  roelt   one   gram  of  tin  requires   28?16   calories, 
272,400  X   23.16    -   7,670,784    calorier,. 

Calorie:^   required   to  inelt   zinc; 
3.8^  Zn  present    in  matte. 
4000   X    .038   s   15?.#  Zn. 
152  X   453.6    =    69,008    gms    Zn. 
To   melt   one   gra^n   of   zinc    requires  67.3  calories, 
69,008  X  67.3   «  4,578,742     a.e2orie3. 

Total   calories   required   to   melt   2  tons  r.atte; 

Cu   -   145,129,320 

P"b    -         5,382,324 

Sn   -         7,670,734 

Zn  a    4,673,742 
Tot  all62,861,470 
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Assumina;  5^  scraps   to  "be  remeltei, 

162,361,470  X    .05   •   3,150,000   calorie;?. 
Total   calories   required 

:»   171  ,011  ,000. 
Assume   coal   of   llOCO'P.    T.   U. 

11000  E.T.U.    -   6150   calories    (small). 

lll^Qll jQQQ     ,    2760#  coal   reauired. 
6150  X   100 

Since   the  furnace   efficierxcy    is   taken  as   50;.f,    to  melt 

one  ton  of  matte  will   require  216^yi'f  coal. 

The   follOT'inp-  are   the  calculations  for 
finding  the   calories  necessary  to  ixielt   the   sludge. 

Calories  to  neit    th e  lead; 

50,'i^  Pb  present    in  the   sludge. 

1000#   sludge   in  1    ton  of   matte. 

500 f  lead  in  1   ton   of  m.atte. 

5  000   X  453.6    *   227,000    gms  Ph. 
To  melt   one  gram   of  lead   requires   15.6   calories. 

227   X  15.6   =  3,541,2000   calories. 

Calories  required  to  melt   the  tin; 
16;^  Sn  present   in  the   sludge. 
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lefc  «  i6Qf 

160  X   45?.  6    s   72,640   .^r^s    Sn. 
To   melt   one    gram  of    tin   requires   2Q   calories. 
72,640  X   28   *  2,0cc,920   calories. 

Calories  require .1   to  melt   the   zinc; 
25^  Zn  present    in  the   sludge. 
2bi  =    250,^. 

2  50  X   45P.6   =  115,500    gm  s  Zi. 
To   melt   one    gram  of  zinc    requires   67,3  calories. 
113,500  X  67.3   =»   7,695,200   calories. 

Total  heat   required  to  nelt   the   sludge; 

Ph      3      3,541,000 

Sn      -      2,053,920 

Zn      a      7,695,200 
Total     13,270,000   calories. 

i^iSZQaQQ^  a   250*  coal    reouired. 
6150  X  100 
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Calories   required  to   rrelt   tlie  refined  Cu. 

1000-'^'  CiJ  per   ton   o^  matte. 

1000  X  45?. 6   *  452600    gms   Cu . 

To  melt   one   frram  of  copper   requires   162  calories, 

45?, 600  X  162   »   7,354,300   calories. 

2a2§^a§22_   3   120#  coal   reouired. 
6150  X  100 

Aasuir.e   the   efficiency  of  the  furnaces  as  25^.      Then 
the   required  amount   of  coal 

*   120  X   4   s   460   or  500# 

Grand  total   of  coal; 
To  melt   the  matte        2760# 
To  melt   the    sludge        500# 
To  melt   the  copper        500# 
Total  3760# 

Assume  the  price  of   coal  as  |2,75  per  ton.      Then 
the  cost   of  heats 

»   |2.75   X   2   a   15,50 
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Cost   of  Electrolyte; 
The  length  of   a  tank   is  -   -   -   -   -     4'   11" 
The  width  of   a  tank   i3      -----      2*      4" 
The   depth  of   electrolyte   is  -   -   -      3'      3" 
The   vol'orne  of   a  double  tank 

-    4.92  X  2.6  X  3.25  x   2   '   82.50   cu.ft. 

The  volume  of  the   electrodes 

3   (5/8  X  24  X  36  X  40i   ±   (1/16  x^24   x  36  x  44) 
-^-^ 

=   13.70   cu.ft. 

Total  electrolyte  required 

J    (82.50  -   13.70)    x  3.46   ^  238   cu.ft. 

Composition  of   electrolyte  "by  volume; 

CUSO4-   -    -16,<  Specific  gravity  -2.27 

H2SO4-    -   -   9<  "  "  1.84 

238  X    .16  X  62.5  X   2.27    3   5387#  CUSO4. 

CUSO4   in  car  load  lots   at   |4.75  per  ton 

§2§?-?-4a25  a  $10.40  per   rvm. 
2000  * 

238  X    .09   X  62.5  x  1.64  »   2461//  H2SO4. 

npS04    in  car  load  lota   at    |1.75  per  ton 

24S1-S-1*25   •  *2.15  uer   run. 
2000 
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Cost   of   electrolyte  per   ton  of  rriatte; 

H2SO4   -----    4fO. 21 

CUSC4 -    $1.04 

ToteJ-      |a.25 

Cost   of^  circulating  electrolyte; 
Rate   of   flow   to  "be  64   cu.ft.   per  hour. 

62^5_3c_64_    -   gg  Q   ft. lbs.    per  F.inute. 
60 

Estimated,  cost   at   2-^  jzf  per  hour 
2§§-?-?f5   =  $0.41  per  ton  matte. 

Cost   of   power ; 

Voltage  =  E-  15  volts. 

Amperage  =  I  =  15  amperes  per  square  foot 

of  anode  surfa,ce. 

Anode   surface  =2x?x2»12   sq.ft. 

P   »  ExI 

Power  =  ?  s  15  X  (15  x  12)  =  2.5  kilowatts. 

Cost  per  kilowatt-hour  is  f.07. 

Cost  per  ton  of  matte 

=  2.5_,x_.^07_x_,166_  ^  ^3^Q^4Q 

(29) 


Cost   of  labor: 

Estiir.ated  at   ^'■.75 
Salaried  help 

Estiinated  at   .fl.OO 
Depreciation 


Insurance 


Taxes 


^592  X  qH  -   le.oO  per  ton  of  rr^atte, 
500  /         •» 


5^g02  X  1^  =  il.OO  per  ton  of  rratte. 


5QO0O  ^  -^xj^^  a  tl.5G  per  ton   of  Ti'atte. 
500  '•  * 


Sum^nary  of  Costs; - 

¥!?tte    -----------    -.feO.OO 

Coal 5.50 

Electrolyte   ---------      1.25 

Circulation   of   electrolyte      -        .41 

Power    ------------  10.40 

Lator --_ .75 

Salaried  help  --------   1.00 

Depreciation      --------      8.50 

Insurance   ----------     1.00 

Taxes    -----------    -      1.50 

Total  |90.ci 
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Valuation  of  products: - 


\  ton  of  copper  at  IS40.00  per  ton        |'170.0C 

7CC#  sludge  at    |   92.00      "        "  32.50 

Totsa  $202.50 

Profit   per  ton  of  matte     |112.19 

Tct&l   annual   receipts  1101,250. CO 

Total  annual    expendtiures  f  45,155.00 

Per  cent   profit    on  capitalization  with 

matte  of   50^  Cu  is     111^. 
Per   cent  profit   on  capitalization  with. 

matte  of   S5^  Cu   is        77^'. 
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It    is   very   evident   that    a  bussiness  which 
will  pay  life  on   its   capital   is  one  not   to    be    slighted. 

We  believe   that    all   of   the   estin-ates  have 
been   extremel:^    liberal   and   that    if   good  judge  ment 
and  supervision  were   exercised  the  first   costs 
mi^t   be  lowered   soirewhat  when  the  plant   is    installed. 
If   the  plant    were  operated    in  connection  with   other 
refinin.5-  processes   such   as  the  Great   Western  Refining 
Company  are  carrying  on,   would   also   tend  to    lower 
the  first   costs. 

With   a  variation   of  profit   of  7  7^'  to   111^' 
and  the   above   considerations   taken  into   account, 
100^'  profit  would  no   doubt  be  a  conser-vative  figure. 
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